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In the present study, chickens of four lines divergently selected for high (H) and low (L) 
immunocompetence in replicate were analyzed to investigate polymorphisms of MHC class II and MHC 
class IV on the molecular level associated with selection. The long-term selection experiment for 
multitrait immunocompetence was carried out in replicates and allows, therefore, the opportunity to 
distinguish effects of selection from other genetic factors. The SacI-digested DNA was hybridized 
individually with MHC class II and MHC class IV gene probes. The MHC class II RFLP analysis revealed 
four polymorphic bands and only one of them showed a significant difference between the selection 
directions H and L pooled between replicates. The small frequency differences of this band relative to the 
long-term selection suggest that this MHC class II fragment may contain genetic elements that are only 
slightly associated with the immune response traits used for selection. The hybridization with the MHC 
class IV probe displayed 26 scorable bands, of which 18 were polymorphic. In most instances, the 
differences between the lines were likely caused by the influence of genetic factors other than selection 
for multitrait immunocompetence. Only one band displayed a consistency in difference between selection 
directions in both replicates and no frequency difference between replicates. This band was almost 
completely absent in both H sublines, but at a frequency of about 50% in both L sublines. The general 
results of this study did not reveal major differences in band frequencies that indicate a close association 
of MHC class II and MHC class IV polymorphic markers to the divergent selection for multitrait immune 
response. Although the MHC makes a crucial contribution in immune response, it may have been difficult 
to detect single-gene associations with the selection criteria of this study, because of the myriad of 
components contributing to general immune responses measured in vivo. 
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ABSTRACT In the present study, chickens of four
lines divergently selected for high (H) and low (L)
immunocompetence in replicate were analyzed to inves-
tigate polymorphisms of MHC class II and MHC class
IV on the molecular level associated with selection. The
long-term selection experiment for multitrait im-
munocompetence was carried out in replicates and
allows, therefore, the opportunity to distinguish effects
of selection from other genetic factors. The SacI-digested
DNA was hybridized individually with MHC class II
and MHC class IV gene probes. The MHC class II RFLP
analysis revealed four polymorphic bands and only one
of them showed a significant difference between the
selection directions H and L pooled between replicates.
The small frequency differences of this band relative to
the long-term selection suggest that this MHC class II
fragment may contain genetic elements that are only
slightly associated with the immune response traits used
for selection. The hybridization with the MHC class IV
probe displayed 26 scorable bands, of which 18 were
polymorphic. In most instances, the differences between
the lines were likely caused by the influence of genetic
factors other than selection for multitrait im-
munocompetence. Only one band displayed a con-
sistency in difference between selection directions in
both replicates and no frequency difference between
replicates. This band was almost completely absent in
both H sublines, but at a frequency of about 50% in both
L sublines. The general results of this study did not
reveal major differences in band frequencies that
indicate a close association of MHC class II and MHC
class IV polymorphic markers to the divergent selection
for multitrait immune response. Although the MHC
makes a crucial contribution in immune response, it may
have been difficult to detect single-gene associations
with the selection criteria of this study, because of the
myriad of components contributing to general immune
responses measured in vivo.
(Key words: chicken, major histocompatibility complex, molecular markers, antibody response, selection)
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INTRODUCTION
Products encoded by genes of the MHC are involved
in the regulation of the immune response. The MHC
plays an important role by mediating the interaction
between different cellular components of the immune
system: the antigen-presenting cells, the B cells, and the
T cells (Klein, 1986). The crucial contribution of the
MHC in the immune response gives rise to considera-
tion of this gene region as a promising marker source for
genetic selection to improve immunological defense
against pathogens.
Originally described as a blood group, the B complex
(Briles et al., 1950) was later defined as the chicken MHC
by Schierman and Nordskog (1961). Many studies in
chickens have shown that the serologically typed B
complex is associated with disease resistance (reviewed
by Bacon, 1987) and immune response to antigenic
challenges (reviewed by Lamont and Dietert, 1990). For
example, in independent experiments, long-term selec-
tion for divergent antibody response to SRBC in chicken
lines altered the B haplotype frequencies (Martin et al.,
1990; Pinard et al., 1993). Selection experiments altering
immune response to the polypeptides GT, GAT, and
(T,G)-A-L, or Salmonella pullorum antigen affected the
frequencies of B-complex types (Benedict et al., 1975;
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Pevzner et al., 1975, 1979). Congenic chicken lines
differing for the MHC display significant differences in
the humoral immune response to SRBC and Brucella
abortus antigen (Dix and Taylor, 1996).
The chicken MHC is located on chromosome 16 and
contains three classes of genes: B-F (class I), B-L (class II),
and B-G (class IV) (Lamont, 1993). Besides MHC B-F
antigens, the B-L gene products are also involved in the
presentation of the antigenic peptides to the immune
system (Vainio et al., 1988). The involvement of B-G
genes with the immune system, however, is still not well
understood, but B-G does affect some histocompatibility
reactions and responses to pathogens (reviewed by
Kaufman et al., 1991). The RfpY system, recently
described by Briles et al. (1993) and Miller et al. (1994), is
located on the same chromosome as the MHC and
consists of at least two MHC class I and three MHC class
II genes. The classical MHC genes and genes of the RfpY
system are separated by the Nucleus Organizer Region
and segregate independently from each other.
Molecular techniques of restriction fragment length
polymorphism (RFLP) allow examination of polymor-
phisms of the MHC on the DNA level. Analysis by
RFLP of the different MHC classes in individuals with
known B haplotype demonstrated that the molecular
band pattern can be associated with specific B haplo-
types (Miller et al., 1988; Chausse et al., 1989).
In the present study, lines were analyzed that have
been divergently selected, long-term, for multitrait
immunocompetence (Cheng et al., 1991; Kean et al.,
1994a,b). Kean et al. (1994a) previously found differences
in B haplotype frequencies, defined by serology, as-
sociated with the divergent selection. Later, it was
demonstrated that these lines differ considerably in the
level, as well as the kinetics, of humoral immune
response to two vaccines (Weigend et al., 1997). The
purpose of the present study was to determine, on the
molecular level, if MHC class II and MHC class IV RFLP
display band frequency differences between lines that




Birds analyzed in this study consisted of two replicated
lines, divergently selected for multitrait immunocompe-
tence (Cheng et al., 1991; Kean et al., 1994a,b). The chicken
lines originated from the Ottawa Strain 7 (Gowe and
Fairfull, 1980). The two replicated pairs of lines were
selected for immune response based on an index of
antibody response to Mycoplasma gallisepticum and
Pasteurella multocida measured 3 wk after vaccination, cell-
mediated immunity measured by phytohemagglutination
reaction in the wing web, and reticuloendothelial clear-
ance of colloidal carbon from circulatory system as a
measure of phagocytic activity. In the founder generation,
each replicate represented 10 different sire families.
Within replicates (1 and 2), half-sib groups were divided
by index performance, with approximately equal num-
bers of half-sibs representing the original population of
each high (H) and low (L) line. In succeeding generations,
index selection was carried out within replicate (1H, 1L,
and 2H, 2L) based on individual phenotype and avoiding
sib matings. In the base population of the lines, there was a
natural outbreak of Marek’s disease (MD), which resulted
in 40% mortality despite herpes virus of turkeys (HVT)
vaccination at day of hatch and no observed mortality in
other populations housed in the same building.
Birds of the 10th selection generation were used in the
present study. A total of 96 birds were used, divided
approximately equally amongst the four lines.
DNA Isolation and Analysis
DNA was isolated from whole blood by using standard
procedures modified from Maniatis et al. (1982) and
described by Crittenden et al. (1993). Ten micrograms of
DNA was digested with 25 units of the restriction enzyme
SacI, overnight at 37 C. The DNA fragments were
electrophoresed on a 0.8% agarose gel with 1 × TBE buffer
for 36 h at 32 V (1.2 V/cm). After DNA transfer to a nylon
membrane (Hybond-N+)3 for 16 to 20 h, DNA fragments
were fixed on the membrane with 0.4N NaOH treatment.
Hybridizations were carried out by using a procedure
similar to that described by Lakshmanan et al. (1997). The
final wash was done with 1 × SSC and 0.1% SDS at 65 C.
For hybridization, the chicken MHC class IV probe bg11
(Miller et al., 1991) and, after removing this probe by an
additional washing step, the MHC class II probe CCII-
7-1 (Xu et al., 1989) were used. The gene probes were
labeled with 32P-deoxycytidine phosphate using the
random priming method (Lakshmanan et al., 1997). After
final washes, membranes were autoradiographed for 1 to
3 d with Fuji-RX x-ray4 film at –70 C with intensifying
screens. Autoradiographs were analyzed visually and by
using the pdi software package DIVERSITY ONE.5 Bands
were analyzed by presence and absence.
Estimation of DNA Fragment
Molecular Weight
The molecular weight of the RFLP fragments were
estimated based on their migratory distance relative to the
migration of the molecular weight standard. Band size
calculations were done using the pdi software package
DIVERSITY ONE.3 Fragments of the same size were
considered as identical within the gene probe used for
hybridization, and the same band number was given to
them. Monomorphic fragments were used as internal
MHC-RFLP ANALYSIS IN CHICKENS 975
FIGURE 1. Autoradiograph of MHC class II restriction fragment length polymorphism (RFLP) of SacI-digested genomic DNA. Individual DNA
samples were selected at random from the four lines to illustrate individual RFLP patterns. The DNA pools were made from combining DNA of all
individuals of the indicated line.
standards to identify identical fragment sizes across the
autoradiographs.
Statistical Analysis
Band frequencies were separately analyzed within
replicates, between selection directions H and L, and
between replicates 1 and 2. The chi-square test with a 2 × 2
contingency table was used to test the independence of
band frequency and genetic group (H0-hypothesis).
RESULTS
MHC class II RFLP
The hybridization of SacI digested genomic DNA with
the MHC class II (B-L) gene probe revealed eight scoreable
bands (Figure 1). The size of these bands ranged from 7.5
to 1.6 kb. The Band CC4 was present in all individuals
analyzed. The intensity differences observed in this band
between individuals were not scoreable in a reliable way.
The approach to classifying the individuals according to
the intensity differences into groups failed (data not
shown). Technical factors, such as DNA concentration,
may overlap polymorphisms displayed by intensity
differences, hence, for the analysis in the present study,
the Band CC4 was not considered as polymorphic. Thus,
only four polymorphic MHC class II bands, namely CC1,
CC2, CC6, and CC7, were included in the analysis of the
four sublines selected for high (1H and 2H) and low (1L
and 2L) immunocompetence. Although Band CC4 varied
in intensity from very faint to strong, it was detectable in
all individual samples and therefore not considered as
polymorphic (defined as present vs absent) in these
analyses. The band frequencies of the four individual
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TABLE 1. Polymorphic SacI MHC class II band frequencies of chicken lines selected in replicate (1,2)
for high (H) and low (L) multitrait immune response: comparison within replicates
1Percentage of birds with this band.
2No significant difference in paired comparison at P < 0.05.







Within Replicate 1 Within Replicate 2
1H 1L 2H 2L
(kb)
CC1 7.5 %1 56.52 76.00 NS2 70.83 87.50 NS
(n)3 (13) (19) (17) (21)
CC2 7.1 % 78.26 68.00 NS 70.83 54.17 NS
(n) (18) (17) (17) (13)
CC6 1.7 % 78.26 88.00 NS 95.83 66.67 **
(n) (18) (22) (23) (16)
CC7 1.6 % 95.65 100.00 NS 100.00 83.33 *
(n) (22) (25) (24) (20)
TABLE 2. Polymorphic SacI MHC class II band frequencies of chicken lines selected in replicate (1,2) for high (H) and low (L)
multitrait immune response: Comparison between selection direction and between line replicates
1Percentage of birds with this band.
2Significant difference of paired comparison P < 0.05.
3No significant difference in paired comparison.
4n = number of birds with this band.
Selection direction Replicate
Band Band H L Repl 1 Repl 2
name size (1H+2H) (1L+2L) (1H+1L) (2H+2L)
(kb)
CC1 7.5 %1 63.83 81.63 *2 66.67 79.17 NS3
(n)4 (30) (40) (32) (38)
CC2 7.1 % 74.47 61.22 NS 72.92 62.50 NS
(n) (35) (30) (35) (30)
CC6 1.7 % 87.24 77.55 NS 83.33 81.25 NS
(n) (41) (38) (40) (39)
CC7 1.6 % 97.87 91.84 NS 97.92 91.67 NS
(n) (46) (45) (47) (44)
sublines (Table 1), and pooled by selection direction (H
and L) and by replicate (1 and 2) (Table 2), are reported.
In general, the SacI RFLP of MHC class II did not show
strong frequency differences in any of the polymorphic
bands related to the divergent immunocompetence selec-
tion. Within Replicate 2, but not Replicate 1, there were
significant differences in the frequencies of CC6 and CC7
between the divergently selected sublines 2H and 2L.
Comparing the divergent selection directions (H vs L),
Band CC1 displayed a significantly (P < 0.05) higher
frequency in the low immune response selection direction.
Although the differences between selection directions
within each replicate were not significant, a tendency for a
higher frequency of this band was observed in both of the
low immune response (1L and 2L) sublines, compared to
their counterpart high response lines. Between replicates,
no differences in band frequencies were found.
MHC Class IV RFLP
The hybridization with a MHC class IV (B-G) probe
yielded 27 scorable bands. The band sizes ranged from 7.6
to 1.0 kb (Figure 2). Eight of these bands (B-G1, B-G3,
B-G6, B-G13, B-G15, B-G21, B-G22, and B-G23) were
monomorphic and therefore were used as internal
standards of band alignment.
The band frequencies of polymorphic MHC class IV
bands by selection direction (H, L), within replicate (1, 2)
(Table 3) and by selection direction (H and L), and by
replicates (1 and 2) (Table 4) are displayed. The MHC class
IV band frequencies revealed significant differences for
several bands between the selected sublines within
individual replicates. The frequencies of three bands
(B-G9, B-G10, B-G19) differed significantly between the
sublines 1H and 1L in Replicate 1. In Replicate 2, the
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FIGURE 2. Autoradiograph of MHC class IV restriction fragment length polymorphism (RFLP) of SacI-digested genomic DNA. Individual DNA
samples were selected at random from the four lines to illustrate individual RFLP patterns. The DNA pools were made from combining DNA of all
individuals of the indicated line.
sublines displayed significant differences in band fre-
quency of six bands (B-G2, B-G4, B-G7, B-G10, B-G14, and
B-G24). Significant differences between selection direc-
tions, H and L, pooled over replicates, were found in six
bands (B-G2, B-G4, B-G7, B-G9, B-G10, and B-G19).
Comparing the two replicates, 1 and 2, pooled over
selection direction, the MHC class IV band frequency of
bands B-G4, B-G7, B-G8, B-G9, B-G11, B-G16, B-G17, B-
G18, B-G20, and B-G25 differed significantly. Thus, the
two replicates, which originated from different sire
families from the same base population, showed a large
number of MHC class IV band frequency differences.
Despite these differences found, in only one instance,
namely Band B-G10, was the frequency difference found
between selection directions consistent within both repli-
cates. Band B-G10 was almost completely absent in both
sublines selected for high immune response but occurred
at a frequency of about 50% in both low immune response
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TABLE 3. Polymorphic SacI MHC class IV band frequencies of chicken lines selected in replicate (1,2) for high (H) and low
(L) multitrait immune response: Comparison within line replicates
1Percentage of birds with this band.
2No significant difference in paired comparison.








Within Replicate 1 Within Replicate 2
1H 1L 2H 2L
(kb)
B-G2 7.6 %1 43.48 52.00 NS2 37.50 91.67 ***
(n)3 (10) (13) (9) (22)
B-G4 6.6 % 21.74 28.00 NS 33.33 75.00 **
(n) (5) (7) (8) (18)
B-G5 6.1 % 65.22 48.00 NS 50.00 70.83 NS
(n) (15) (12) (12) (17)
B-G7 5.0 % 4.35 0.00 NS 58.33 29.17 *
(n) (1) (0) (14) (7)
B-G8 4.6 % 43.48 32.00 NS 70.83 87.50 NS
(n) (10) (8) (17) (21)
B-G9 4.4 % 43.48 12.00 ** 12.50 8.33 NS
(n) (10) (3) (3) (2)
B-G10 4.2 % 0.00 52.00 *** 4.17 45.83 ***
(n) (0) (13) (1) (11)
B-G11 4.1 % 69.57 76.00 NS 54.17 50.00 NS
(n) (16) (19) (13) (12)
B-G12 3.8 % 91.30 80.00 NS 83.33 87.50 NS
(n) (21) (20) (20) (21)
B-G14 3.4 % 78.26 76.00 NS 91.67 66.67 *
(n) (18) (19) (22) (16)
B-G16 3.0 % 95.65 100.00 NS 87.50 70.83 NS
(n) (22) (25) (21) (17)
B-G17 2.9 % 95.65 84.00 NS 79.17 66.67 NS
(n) (22) (21) (19) (16)
B-G18 2.7 % 65.22 40.00 NS 79.17 70.83 NS
(n) (15) (10) (19) (17)
B-G19 2.6 % 21.74 0.00 ** 12.50 4.17 NS
(n) (5) (0) (3) (1)
B-G20 2.3 % 95.65 96.00 NS 79.17 70.83 NS
(n) (22) (24) (19) (17)
B-G24 1.6 % 43.48 40.00 NS 25.00 54.17 *
(n) (10) (10) (6) (13)
B-G25 1.3 % 91.30 84.00 NS 75.00 62.50 NS
(n) (21) (21) (18) (15)
B-G26 1.00 % 100.00 100.00 NS 100.00 95.83 NS
(n) (23) (25) (24) (23)
sublines. There was no significant frequency difference in
this band between replicates, indicating similar frequen-
cies in the replicates’ founders.
DISCUSSION
The present study was conducted to search for
molecular polymorphisms of the MHC class II and MHC
class IV associated with selection for high and low
immunocompetence. The long-term selection experiment
for multitrait immunocompetence was carried out in
replicates. Thus, the design of the selection experiment
allows insight into what extent differences in frequencies
of the MHC class II and MHC class IV RFLP fragments
may have been altered by divergent genetic selection for
immunocompetence, and to distinguish these differences
from the effect of other genetic factors, such as genetic
drift and founder effects, which also may be involved in
differences in band frequencies between selected sub-
lines (Falconer, 1989; Gowe and Fairfull, 1990). Only
similar band frequency differences between divergently
selected pairs in both replicates are considered as a very
likely indication for a true association with selection for
multitrait immune response.
Because molecular analysis was done on a single
generation of the selection lines, single bands, but not
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TABLE 4. Polymorphic SacI MHC class IV band frequencies of chicken lines selected in replicate (1,2) for high (H) and low
(L) multitrait immune response: Comparison between selection direction and between line replicates
1Percentage of birds with this band.
2No significant difference in paired comparison.





Band Band H L 1 2
name size (1H+2H) (1L+2L) (1H+1L) (2H+2L)
(kb)
B-G2 7.6 %1 40.43 71.43 ** 47.92 64.58 NS2
(n)3 (19) (35) (23) (31)
B-G4 6.6 % 27.66 51.02 ** 25.00 54.17 **
(n) (13) (25) (12) (26)
B-G5 6.1 % 57.45 59.18 NS 56.25 60.42 NS
(n) (27) (29) (27) (29)
B-G7 5.0 % 31.91 14.29 * 2.08 43.75 ***
(n) (15) (7) (1) (21)
B-G8 4.6 % 57.45 59.18 NS 37.50 79.17 ***
(n) (27) (29) (18) (48)
B-G9 4.4 % 27.66 10.20 * 27.08 10.42 *
(n) (13) (5) (13) (5)
B-G10 4.2 % 2.13 48.98 *** 27.08 25.00 NS
(n) (1) (24) (13) (12)
B-G11 4.1 % 61.70 63.27 NS 72.92 52.08 *
(n) (29) (31) (35) (25)
B-G12 3.8 % 87.23 83.67 NS 85.42 85.42 NS
(n) (41) (41) (41) (41)
B-G14 3.4 % 85.11 71.43 NS 77.08 79.17 NS
(n) (40) (35) (37) (38)
B-G16 3.0 % 91.49 85.71 NS 97.92 79.17 **
(n) (43) (42) (47) (38)
B-G17 2.9 % 87.23 75.51 NS 89.58 72.92 *
(n) (41) (37) (43) (48)
B-G18 2.7 % 72.34 55.10 NS 52.08 75.00 *
(n) (34) (27) (25) (36)
B-G19 2.6 % 17.02 2.04 * 10.42 8.33 NS
(n) (8) (1) (5) (4)
B-G20 2.3 % 87.23 83.67 NS 95.83 75.00 **
(n) (41) (41) (46) (36)
B-G24 1.6 % 34.04 46.94 NS 41.67 39.58 NS
(n) (16) (23) (20) (19)
B-G25 1.3 % 82.98 73.47 NS 87.50 68.75 *
(n) (39) (36) (42) (33)
B-G26 1.00 % 100.00 97.96 NS 100.00 97.92 NS
(n) (47) (48) (48) (47)
haplotypes, of MHC could be used for the evaluation of
frequency differences. Yonash and coworkers have
shown that direct information on band frequencies gives
as reliable results as haplotype frequencies regarding
associations with phenotype (Yonash et al., unpublished
data).
In general, it appears that the MHC class II and MHC
class IV RFLP analyses done on SacI digests in this study
did not reveal major differences in band frequencies that
would indicate a close association of these polymorphic
markers to the divergent selection for multitrait immune
response. None of the polymorphic MHC class II
fragments were significantly different in frequency
between selection directions within both replicates. The
frequency of Band CC1 showed a significant difference
between the selection directions H and L pooled
between replicates. Although the frequencies of this
band did not significantly differ within each replicate,
both high responder sublines displayed a tendency
towards a lower frequency of this band than the low
responder sublines. However, the rather small differ-
ences relative to the long-term selection suggest that this
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MHC class II fragment may contain genetic elements
that are only slightly associated with the immune
response traits used for selection. Lakshmanan et al.
(unpublished data) found in the same lines, that the
frequency of one of seven polymorphic PvuII-generated
MHC class II bands differed significantly between high
and low immune response selection sublines in both
replicates, that the frequency of the fragment was also
higher in both low responder sublines, and that there
were no frequency differences between the two repli-
cates. This result suggests that the specific chromosomal
segment associated with low response may be contained
on the overlap section of the 6.5-kbp PvuII fragment and
the 7.5-kbp SacI fragment that hybridize to the same
MHC class II probe. The MHC class II gene probe used
in this study is a genomic probe, coding for the MHC
class II b chain. It has been shown that the recently
identified RfpY region contains genes of high sequence
similarity to classical MHC class II genes (Miller et al.,
1994). Hence, the probe may also hybridize to RfpY
genes and RFLP bands of RfpY region cannot be
distinguished from classical MHC class II genes in a
single-generation study.
The hybridization with the MHC class IV probe
displayed 27 scorable bands, and 18 of these bands were
polymorphic. In general, this high number of bands
scored is in agreement with findings of other groups
analyzing MHC class IV RFLP in chickens (Miller et al.,
1988; Uni et al., 1992). However, the MHC class IV band
frequency differences found between the sublines sug-
gests, in most instances, the influence of genetic factors
other than selection for multitrait immunocompetence.
Only one band, B-G10, displayed a consistency in
differences between selection directions in both repli-
cates and no frequency difference between replicates.
This band is almost completely absent in both H-
sublines, but at a frequency of about 50% in both L-
sublines. It might be that this fragment has disappeared
from both H-sublines because it is neutral to immune
response traits and was eliminated by genetic drift. This
explanation, however, is rather unlikely because this
fragment is missing in both high responder sublines,
whereas it remains at 50% frequency in both low
responder sublines. Thus, the frequency differences
would suggest that this fragment has been eliminated
during the selection for high immunocompetence, in-
dicating a linkage with low responsiveness.
Based on the results of the present study, the
differences found in B-G19 do not allow a clear
statement. Although the difference between both selec-
tion directions pooled over sublines is significant, within
Replicate 2 there is no significant frequency difference,
and only three animals in 2H compared to one animal in
2L carried this specific fragment. It might be that
differences induced by selection were combined with
changes of genetic drift. Hence, frequency differences
based on a rather weak association may have been
hidden by the effect of other genetic factors. To clarify
these factors it would be necessary to analyze a larger
sample. Comparing the remaining band frequencies,
differences between replicates display large founder
effects and random changes by genetic drift during the
selection process in MHC class IV band frequencies.
The crucial role of MHC in the immune response is
well-documented in the chicken (reviewed by Neumann
and Kaleta, 1987; Nordskog et al., 1987; Vainio et al.,
1988; Lamont and Dietert, 1990). Considering that the
long-term selection based on multitrait immunocompe-
tence has strongly modified the strength and the kinetics
of the antibody response to vaccines MG and PM
(Weigend et al., 1997), as well as SRBC and Brucella
abortus antigen (Nelson et al., 1995), it is surprising to
find rather weak frequency differences in MHC class II
as well as in MHC class IV RFLP between selected
sublines. Although the B-blood groups are closely
related to MHC class IV gene region, and Kean et al.
(1994a) found that the frequency of B haplotypes was
altered by selection in a previous generation of the same
chicken lines used in this study, the RFLP analysis
carried out in the present study did not reveal a strong
association of MHC class IV on the molecular level to
the selection. It might be that the restriction enzyme
SacI, in combination with the specific MHC gene probes
used, has not discovered the most prominent polymor-
phisms linked to selection. Sequence polymorphisms in
transcribed genes or regulatory regions of the MHC, or
genes linked to this region affecting immune response
may not be detected by the present RFLP analysis.
Moreover, the humoral immune response is genetically
influenced by many genes, and genes located within the
MHC influence only a certain part the genetic variation
(Biozzi et al., 1972; Pinard and van der Zijpp, 1992). In
addition, with polygenic control, in which a single gene
contributes only a limited extent to the genetic variation
of a trait, the gene effect may remain undetected in an
analysis comparing frequency differences based on a
limited number of animals (n = 96).
Finally, the effect of other events during the selection
cannot be completely quantified, but may have in-
fluenced band frequencies of the MHC that were RFLP
analyzed in this study. For example, a natural outbreak
of MD occurred in the HVT-vaccinated base population
before selection for multitrait immunocompetence.
Therefore, natural genetic selection for MD resistance in
vaccinated chicks has occurred. Because the MHC is
strongly associated with resistance to MD in chickens
(reviewed by Bacon, 1987), this natural selection might
have influenced the original frequencies of MHC
haplotypes in this study, biasing the founder individu-
al’s MHC alleles strongly in favor of MD-resistance
alleles. This resistance might have reduced the initial
available allelic diversity in the MHC to respond to
multitrait immunocompetence selection and, therefore,
may have caused the most marked frequency changes in
this population to occur in non-MHC regions of the
genome. The differences found in single bands will need
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further research to clarify their association with immune
response, but may be taken as potential candidate
markers for immune response.
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